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Theme 1: Hydromorphology: Human-Nature Interactions and Adaptations 
Upmanu Lall Ð Group Leader 
 
Climate dynamics is marked by structured variability at preferred time scales in response 
to changes in solar insolation, orbital forcing etc, and internal feedbacks across ocean, 
atmosphere, land and the cryosphere. Hydrologic fluxes play a crucial role in earth 
system evolution at these time scales, through their role in changing the equilibrium 
vegetation, shaping terrain, through changes in the spatial energy balance due to changes 
in clouds, snow and ice, and through changes in the loading of earth’s plates via the ice 
distribution. This role is acknowledged in studies of Earth System History, even though 
hydrologists have not been very active in such studies.  
 
Over most of human history, humans have adapted to these earth system changes via 
migration, population adjustments and technological innovation. At the beginning of the 
21st century, it is clear that these adaptation strategies have allowed humans to become 
agents of planetary change. The CO2 induced global climate change is the most notable 
example of such an impact. Our thesis is that human induced hydrologic modifications 
are an equally important agent of local and planetary change that has thus far received 
limited scientific attention. The urgency of developing this area as a scientific research 
theme is underscored by the fact that water scarcity has now emerged as a global concern, 
suggesting that either water will emerge as the defining constraint for planetary carrying 
capacity, or that the pace of hydrologic change will continue to increase dramatically 
with subsequent effects on ecology, landscape, climate and human society. 
 
While there has been some data reconstruction and systematic research into the 
relationship between climate, geomorphology, vegetation and society, water has not been 
an explicit currency or theme in this research. The focus on hydromorphology intends to 
address this gap, recognizing that water may provide the key mode of communication 
across the earth systems, influencing both threshold driven event dynamics and the 
stability and regime transition of vegetation, climate, geomorphic and social dynamics. 
Event dynamics and regimes are likely to be related in that the location, frequency, and 
intensity of events such as floods and droughts will in turn be determined by operative 
climate regimes that may have long term persistence. Human, geomorphic and ecological 
impacts and response to these events may in turn induce a threshold transition in the 
“local” regime in those systems towards a new mode, which may in the long run 
influence regional or global climate (as the regional technology spreads through society). 
For instance, persistent drought or flood may lead to innovation in agricultural (crop 
choice) or irrigation practices, which may become culturally systematized and then 
spread across the globe, systematically changing land-atmosphere interactions. This 
would have been a slow process a few thousand years ago, and may take place rapidly 
now. Similarly, flood control responses may significantly alter the quantity and quality of 
sediment and change geomorphic futures. There is already evidence of some of these 
patterns of evolution. The challenge put forth in this synthesis theme is to systematically 
develop this knowledge base considering cross-system interactions in which hydrology 
(or water related transport across all media) plays a role, with specific attention to the 
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interplay between local and global evolution, scale and thresholds, stable and unstable 
regimes, and system predictability.  
 
Given the breadth of the theme, the goals of the synthesis activity are to: 

1. Assemble a group of leading thinkers from different fields (at least climate, 
hydrology, ecology, agriculture, geomorphology, economics and anthropology) 
with experience in evolutionary issues and system dynamics, to present and assess 
existing knowledge and trends. This assessment will be issued as a scientific 
report that defines the key social and scientific concerns with hydromorphology at 
regional to global scales. This report could form the basis for a NSF research area 
definition, and also for an IPCC like process that addresses Global Water 
(Hydrologic Change). 

2. Compile and analyze global (and U.S.) data sets (Model simulated or “real” data) 
to explore key elements of hydrology for which a data based investigation can 
proceed to formulate and refine hypotheses that emerge from the group. Two key 
themes that we anticipate being developed are: 

a. Climate DynamicsRegimes and Modes of Atmospheric Moisture 
TransportSpace-time clustering of floodsgeomorphic 
processesFlood Control trajectories and Population/Socio-economic 
demographics Geomorphic processes Coastal zone cumulative 
impacts 

b. At regional to global scales: 
 
 
 
 
 

Population Dynamics Land Cover Change AgricultureNutrient Cycle changes;  
 
Climate DynamicsDrought Incidence Fire, Invasive Species, Pests 
           Dams, Pumping etcEcology 
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Linkage between the Hydrosphere and Biosphere  
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PROBLEM STATEMENT  
 
Vegetated terrestrial ecosystems and the overlying atmosphere are dynamically linked 
though the continuous transfer of mass, energy and momentum. The hydrologic 
variability interacts with the vegetation at time scales ranging from minutes and hours to 
days to inter-annual and decadal. The existing distribution of ecosystems is a result of 
evolutionary selections in response to environmental constraints which are themselves 
modified as terrestrial systems evolve until reaching a dynamic equilibrium. However 
this balance is changing, often rapidly, in response to anthropogenic influences such as 
climate change, land use/land cover change, and urban and agricultural expansions. 
Evidence suggests that vegetation response is adaptive in that they alter their survival 
strategies in response to environmental change, for example, through development of 
deep rooting and using hydraulic redistribution to better utilize the available moisture in 
the deeper soil layers. Yet little is known on how this impacts the hydrologic cycle and its 
variability. Active and adaptive control of vegetation and atmospheric flow moves soil-
moisture that is no longer constrained by watershed boundaries. How do the atmospheric 
and terrestrial moisture and vegetation interact to produce the observed variability in the 
water cycle and how does/will this variability change in response to the anthropogenic 
influences? What are the ecological consequences of this change? These broad questions 
lie at the heart of understanding the interaction between the hydrosphere and biosphere.  
 
These issues can be addressed by taking a dual approach: 
 
Impact of ecology on hydrology:  
The role of plants in controlling transpiration has been recognized for some time (with its 
nonlinearities and thresholds which depend on climate, soil and plant characteristics), but 
more subtle controls need to be also considered such as the impact of soil organic matter 
on soil water dynamics and soil properties; plant control on infiltration; and root 
influence on erosion, bank stability and geomorphology. Ecosystems and land use 
changes play a role in controlling water availability and quality. 
 
Impact of hydrology on ecology:  
Water is the necessary medium for life and its space time fluctuations in terrestrial 
ecosystems control growth and reproduction patterns of plants and other living beings. 
Thus, there is increased interest in the dynamics of water stress and the terrestrial water 
balance and their impact on plants (photosynthesis, plant growth and reproduction) as 
well as microbial life (and thus decomposition and the entire cycling of nutrients and 
carbon fluxes). The important implications for ecosystem stability and global change 
have been recognized, although a quantitative description and prediction is still elusive. 
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In this sense and for the first time we have an opportunity for truly bridging 

between geophysics, engineering, and biology/ecology that is essential in understanding 
life on earth, climate change, and society.  
Some broad issues that this theme will address are:  
¥ How does biosphere mediate the interaction between long time scale sub-surface 

hydrology and short time scale atmospheric hydrologic cycle? 
¥ How has this interaction given rise to the observed self-organized patterns of 

ecosystems and how do these ecosystems sustain the hydrologic regime needed for 
their own sustenance? 

¥ How are the dynamic regimes of ecohydrologic interactions affected by the 
anthropogenic impacts of land use/land cover change, elevated CO2 and 
temperature, water use, etc? 

¥ How do these linkages and changes there in alter the biogeochemical cycling in a 
region? 

¥ Because of nonlinearity, not just mean values are important, but also the timing, 
amount, and the full distributions of hydrologic fluctuations. Need to understand the 
role of intermittency, and the impact of possible shifts in distributions under climate 
change. The extreme value theory was spurred by hydrology: can a better 
understanding of biosphere-atmosphere interaction spur the understanding of 
biologically meaningful extreme events? 

 
The premise of complexity:   
The basic premise underlying our approach is that “natural systems don’t exist – they 
evolve” [the term “evolve” emphasizes the significance of the time history of the 
trajectory, not just the current state, of a dynamical system]. This evolution is driven by 
the exogenous variability imposed on the system by weather, climate, and anthropogenic 
influence, and endogenous variability generated within the systems as it changes/adapts 
in response to the exogenous variability. The variability allows the system to explore a 
variety of states to find an optimal. The response of the system, which we are most 
concerned with, evolves with that of the evolution of the system itself and the interaction 
between the components gives rise to a combinatorial impact that we characterize as 
‘complexity’. When we say that a system is complex we imply that it exhibits emergent 
properties that arise from the interaction of many components/parts where each 
individual part by itself doesn’t exhibit that property. This is a result of feedback and 
non-linear interactions between the components of the systems, and/or the system and the 
environment, where a small change leads to a series of inter-related changes that are not 
predictable from the knowledge of the behavior of the individual components. In other 
words it refers to the adage “the whole is greater than the sum of its parts.” [“Complex” is 
distinct from “complicated”] 
 
Essential drivers of complexity/emergent patterns [geometrical, statistical, dynamical]: 

¥ Biologically significant pulsing/variability of resources (e.g. rainfall).  Variability 
may be characterized by timing, magnitude, duration, frequency, and 
intermittency  may lead to multiscale attributes. 
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¥ Interplay between heterogeneity (structural variability) and event dynamics 
(dynamic variability) leading to emergent connectivity and flow network patterns 
(e.g. in sub-surface transport). 

¥ Emergent connectivity/flow network patterns lead to thresholds. Sensitivity to 
thresholds  emergent patterns (phase transitions) 

¥ Resource tradeoffs  productivity limitations 
¥ Time-scale interactions [e.g. growing season (short) versus weathering (long)] 
¥ Degree of disturbance (none, light, recurring/continual) [both natural (eg. fire) 

and human (e.g. land use/land cover change)] and response to disturbance (rapidly 
adjusting, slowly adjusting, or long periods of transient adjustments under 
recurring disturbance) 

¥ Adaptation and acclimation (e.g. to CO2 fertilization) lead to emergent patterns in 
the vertical (e.g. plant-soil interaction) as well as lateral (e.g. clustering) 
directions 

RECENT ADVANCES AND OPEN QUESTIONS 
 
Several key scientific advances during the past few years lay the foundation for making 
significant progress in this area of biosphere-hydrosphere interaction. These include: 
 
Coupled carbon and nitrogen cycle dynamics: on plant ET and carbon exchange and 
its implications on climate change scenarios.   
This important work is still very much evolving but initial work by Thornton et al. (in 
preparation) suggests that the limitations in the availability of usable nitrogen by plant 
ecosystems will serve as a significant regulator on the rates of CO2 fertilization and the 
expected CO2 uptake rates in future climate scenarios.  Recent results suggest that CO2 
uptake rates will be significantly limited by nitrogen availability resulting in a lower than 
previously expected limit on CO2 uptake.  In turn, these results suggest that warming 
induced by increased CO2 may be higher than previously expected due to initial 
overestimations of CO2 uptake by plants.  More generally, there are broader implications 
towards hydrology which controls the transport and residence of nitrogen in the 
landscape. Some important questions that need to be addressed are:  

o How does the cycling (transport, residence and fate) of nitrogen vary across 
terrestrial landscapes and within global plant ecosystems?   

o More generally, what are the critical terrestrial hydrologic controls on the cycling 
of terrestrial biogeochemicals? How do these controls scale-up to modulate the 
global climate system?  

o How do human activities (alteration of terrestrial hydrology, chemical 
fertilization) alter the natural cycling of biogeochemicals? 

 
Schimel et al. (1997) demonstrated that, at a quasi steady-state, watery/energy and 
nitrogen limitation tend to ‘‘equilibrate”, which is consistent with a system where water 
and N limit carbon flux, while water and carbon limit N cycling/ flux.  This large scale 
modeling exercise is consistent with plot scale studies and further suggests that these 
relationships are applicable to landscape-scale questions.  Because water, carbon, and 
nitrogen cycles have different response times, these findings also suggest that longer term 
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feedbacks are needed in both hydrological and biogeochemical models of system 
behavior.  Because few if any systems operate at steady state, the theoretical equilibration 
of water/ energy and nitrogen provides a context for improved predictions of water and 
carbon fluxes in response to changing climate forcings if N availability is known.  
Specifically, N availability can be used to provide an upper limit on biosphere-
atmosphere C and water exchanges.  Similarly, Huxman et al. (2003) report that 
ecosystems converge to a common water use efficiency as water becomes limiting, thus 
providing a lower bound for coupling productivity and transpiration effectively providing 
an “envelope” of possible responses to changes in climate. 
 
Non-equilibrium thermodynamic approach:  
The ecohydrologic systems are far from equilibrium open dissipative systems. Open 
dissipative systems exhibit self-organization, and patterns arising from such self-
organization are ubiquitous. Yet principle(s) describing the emergent patterns in 
ecohydrologic systems are still elusive. Could the recently proposed principle of 
Maximum Entropy Production (MEP), which states that complex systems organize into 
steady states that maximize rates of entropy production (see e.g. Kleidon and Lorenz 
2005), help us understand and predict these patterns. Some important questions that arise 
are:  

o What is the dissipative nature of the hydrologic cycle?  What are the dissipative 
processes?  How can we quantify their rates? 

o Under which conditions does MEP apply to hydrologic processes?  What are the 
degrees of freedom that provide the basis for maximization, and how are they 
generated and maintained? 

o What value can MEP add to predicting the hydrologic cycle?   
 

Impact of global warming on the hydrologic cycle:  
Global warming has the ability to induce physiological changes in the vegetation 
dynamics, and intensify the hydrologic cycle. Physiological changes induced by 
enhanced atmospheric CO2 have been found to increase water use efficiency (WUE) in 
plants. FACE studies have over the years provided excellent data on carbon cycling part 
of the biosphere-atmosphere interactions. How this enhanced WUE translates to large 
scale changes in hydrology is still in the realm of modeling, and most hydrology models 
don’t even bother with this. What we need is a carefully constructed study looking into 
undisturbed watersheds to assess factors that may have contributed to changes in 
watershed hydrology over the years. A better knowledge on large scale changes in WUE 
will help us in predicting changes in drought frequency and severity. 

Many studies indicate that global warming results in an intensified hydrologic cycle. 
As a consequence of IHC there is more water vapor in the air that could reduce the vapor 
pressure deficits which in turn reduce water losses from vegetation. There have been no 
significant increases in daytime maximum temperatures, but dew point temperatures have 
increased over the years.  What are the implications of such a feedback on biosphere-
atmosphere interactions at different time scales? Similarly changes in rainfall distribution 
patterns (event frequency and size) could also have significant impact on plant growth 
depending on the changes brought about in interception, evaporation and infiltration. 
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Emergence of spatial complexity:  
In plant-soil systems, plant-induced changes in the composition and activity of the soil’s 
biotic, physical or chemical properties, and/or the rates of ecosystem processes can 
produced feedback effects that alter the plant, vegetation community or vegetation 
pattern. For example, in arid biome, vegetation patterns that generate islands of fertility 
are also related to plant-soil feedback effects. The vegetation of these regions consists of 
a mosaic of patches with high biomass cover interspersed within bare soil. A key 
condition for the development of these patterns is the emergence of a spatially variable 
infiltration field with low infiltration rates in the bare areas and high infiltration rates in 
the vegetated areas. This spatially variable infiltration is responsible for the development 
of a runoff–run-on system which, together with the effect of vegetation on soil 
erodibility, modulates the resulting sediment erosion and depositional areas. This 
efficient redistribution of water is accompanied by sediments and nutrients and allows for 
higher net primary productivity. Anthropogenic impact can alter the pattern inducing 
erosion and loss of resources (water and nutrients). But how do these positive and 
negative feedbacks alter hydrologic pathways, and how do they affect the variability of 
soil moisture? How do these interactions and feedbacks respond to climate change and 
anthropogenic influences?  

 
Hydrologic connectivity through atmospheric pathways:  
In the past, the study of evapotranspiration falling as precipitation has primarily been 
analyzed from the local recycling perspective. Current advances in our understanding of 
the system and the availability of computational resources have allowed researchers to 
delineate source-sink regions of evapotranspired moisture at regional to global scales. 
These recent advances will allow us to evaluate how changes in the hydrology of a region 
will affect, not only local climatological conditions, but also the hydrology of remote 
regions. This work opens a new pathway in our understanding of hydrologic connectivity 
and has important ecohydrological implications. Some important questions are 

o How do these plant-soil interactions mediate the interaction between surface and 
subsurface water pathways? 

o What is the impact of these positive/negative feedback effects on the atmospheric 
hydrologic cycle? 

o How can we use this understanding to improve our hydrologic and ecosystems to 
predict its response to climate change and anthropogenic disturbances? 

 
Hydropedology and sub-surface flow network:  
Traditionally, hydrologic processes are generally conceptualized within the field domain 
(e.g., the Navier-Stokes’ equation and the Darcy’s law).  Classical hydrology and soil 
physics have applied findings from fluid mechanics, together with the necessary 
constitutive relations to develop sets of governing equations, much the same as 
atmospheric and ocean sciences have done.  However, heterogeneities in porous 
geomedia, hierarchical structures of soils, surface roughness and vegetative covers, and 
channel geometries make the land surface and subsurface different from the continuous 
field assumption. A paradigm shift from a “continuum” based approach to a “networked 
and hierarchical structure” may be needed for better understanding, modeling, and 
predicting hillslope hydrology and ungauged basins. A related fundamental question is: 



 9 

Should we use a continuous field or discrete objects (networks) to model subsurface 
flow? Related to network structure is the pattern, or spatial-temporal organization, of a 
system’s functions that have imbedded underlying mechanisms.  Rich information in 
spatial patterns could provide much more stringent tests of hydrologic models and much 
greater insights into hydrologic behavior than traditional methods.  Hence, the issue of 
pattern is now brought to the forefront of hydrologists’ and soil scientists’ minds. 
Complex networks in the subsurface and preferential flow dynamics in the variably-
saturated soil zone pose a number of challenges to the status quo. Important questions 
include: 

o Does a network structure exist in the subsurface in a given landscape, which 
governs preferential flow patterns at multiples scales in a self-organizing manner?   

o How do subsurface network structures translate climatic forcing, through its 
nonlinear responses and feedbacks, to watershed outputs (including water quantity 
and quality)? The answer to this question will depend on our adequate 
understanding of subsurface network structure’s formation, evolution, and 
function. 

 
Time scales of interaction and response to disturbance:  
Ecosystems are characterized by recurring or continual disturbance which reset or have 
significant restructuring effects on ecological form, and can produce long periods of 
transient adjustment of the full ecosystem that are “sub-optimal” relative to simple 
productivity or water stress maximization or minimization.   In more humid 
environments, water may still be limiting, but soil edaphic factors including 
biogeochemical and physical conditions can play a more important long term role in 
regulating nutrient limitations, site drainage and determining the form and productivity of 
ecosystems, as well as water use.  Finally, lateral redistribution of moisture and the 
mechanisms by which water moves through hillslopes and into stream channels, which 
has been a major emphasis in hydrology in the last few decades, has largely not been 
considered in the optimization procedures.  This latter term has the potential to 
progressively subsidize downslope ecosystem patches, producing both persistent spatial 
gradients in ecosystem form and function, and dampening temporal dynamics. 
 

While the current emphasis on water-limited equilibrium concepts at the patch 
scale has illuminated short term water-carbon adjustment, there is a need to examine 
ecosystems that have greater disturbance frequency and longer memory processes.  
Water, carbon and nutrient interactions in ecosystems with potentially long transient 
periods and ecosystem memory may be typical of areas experiencing land use 
conversion, canopy clearing disturbance (e.g. logging, fire) and altered nutrient 
availability due to deposition or fertilization.   In addition, long memory processes 
embedded within slow response processes including groundwater flow, soil physical and 
biogeochemical development, and canopy growth and aggradation provide much longer 
time scale adjustments which may be more dominant in humid climates and steeper 
topography.  As we address issues of ecosystem restoration, or long term impacts of 
climate or land use change, we must develop a more general basis for considering and 
understanding these long term interactions.   Finally, we need to find methods of both 
measuring and incorporating the dynamics of multiple system components including flux 
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and storage of water, carbon and nutrients into distributed models of ecohydrologic 
systems, that can accommodate disturbance and long transient adjustment periods. 

ACTION ITEMS 
 
Possible Synthesis Papers based on Allerton discussion and the above summary (we’ll 
need to add/delete, prioritize and schedule items on this list) 
 

1. Synthesis paper on Maximum Entropy Production [Axel Kleidon working on this] 
2. Using emergent patterns to constrain hydroclimatological models to improve 

predictability [Dave Gochis (lead), Enrique Vivoni, Francina Dominguez, 
Amilcare Porporato, Sivapalan, Patricia Saco,  Praveen Kumar, … ] 

3. Review paper on complexity and emergent patterns  to form a basis for 
identifying unanswered questions [Praveen Kumar and Amilcare Porporato (lead), 
Axel Kleidon, Travis Huxman, Doug Jerolomack, Rina Schumer, Patricia Saco, 
Darren Drewry, Ciaran Harman, …] 

4. On the role of Nitrogen-Carbon cycle interactions [Peter Thornton(lead), Paul 
Brooks, Darren Drewry, Atul Jain, Praveen Kumar, Sivapalan, …] 

5. Microbial lifestyle [Aaron Packman (lead), Travis Huxman, Paul Brooks, 
Amilcare Porporato, John Chorover, Tom Battin, Jenny Tank, …] 

6. Defining biologically meaningful extreme events [Amilcare Porporato (lead), 
Travis Huxman, Praveen Kumar, …] 

 
Others: 

1. Proposal for Chapman conference on Hydrosphere-Biosphere Interaction 
[Praveen Kumar and other PIs of the synthesis project jointly with New 
Hampshire Synthesis Team and CUAHSI] 

2. Short papers to raise visibility in the hydrologic and other communities such as 
physics, ecology, etc. 
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"#$%$&'A&Hydrosphere and Biosphere Interaction  

[Draft Proposal for a Chapman Conference]  

CONVENERS 
Praveen Kumar 
Murugesu Sivapalan 
Travis Huxman 
Amilcare Porporato 
Richard Hooper 

PROGRAM COMMITTEE  
To be decided (they will help define the focus of the conference as well invite people 
from their community – so let us pick representation from different communities) 

SCIENTIFIC STATEMENT  
 
Vegetated terrestrial ecosystems and the overlying atmosphere are dynamically linked 
though the continuous transfer of mass, energy and momentum. The hydrologic 
variability interacts with the vegetation at time scales ranging from minutes and hours to 
days to inter-annual and decadal. The existing distribution of ecosystems is a result of 
evolutionary selections in response to environmental constraints which are themselves 
modified as terrestrial systems evolve until reaching a dynamic equilibrium. However 
this balance is changing, often rapidly, in response to anthropogenic influences such as 
climate change, land use/land cover change, and urban and agricultural expansions. 
Evidence suggests that vegetation response is adaptive in that they alter their survival 
strategies through acclimation in response to environmental change. Yet little is known 
on how this impacts the hydrologic cycle and its variability. Active and adaptive control 
of vegetation and atmospheric flow moves soil-moisture that is no longer constrained by 
watershed boundaries. How do the atmospheric and terrestrial moisture and vegetation 
interact to produce the observed variability in the water cycle and alter the 
biogeochemical cycling? What are the ecological consequences of this change? These 
broad questions lie at the heart of understanding the interaction between the hydrosphere 
and biosphere.  
 
These issues can be addressed by taking a dual approach: 
 
Impact of ecology on hydrology:   
The role of plants in controlling transpiration has been recognized for some time (with its 
nonlinearities and thresholds which depend on climate, soil and plant characteristics), but 
more subtle controls need to be also considered such as the impact of soil organic matter 
on soil water dynamics and soil properties; plant control on infiltration; and root 
influence on erosion, bank stability and geomorphology. Ecosystems and land use 
changes play a role in controlling water availability and quality. 
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Impact of hydrology on ecology:   
Water is the necessary medium for life and its space time fluctuations in terrestrial 
ecosystems control growth and reproduction patterns of plants and other living beings. 
Thus, there is increased interest in the dynamics of water stress and the terrestrial water 
balance and their impact on plants (photosynthesis, plant growth and reproduction) as 
well as microbial life (and thus decomposition and the entire cycling of nutrients and 
carbon fluxes). The important implications for ecosystem stability and global change 
have been recognized, although a quantitative description and prediction is still elusive. 

 
In this sense and for the first time we have an opportunity for truly bridging 

between geophysics, biogeochemistry, engineering, and biology/ecology that is essential 
in understanding life on earth, climate change, and society.  
Some broad issues that this conference will address are:  
¥ How are the dynamic regimes of ecohydrologic interactions affected by the 

anthropogenic impacts of land use/land cover change, elevated CO2 and 
temperature, water use, etc? 

¥ How do these linkages and changes there in alter the biogeochemical cycling from 
hillslope to watershed and regional scales? 

¥ How does biosphere mediate the interaction between long time scale sub-surface 
hydrology and short time scale atmospheric hydrologic cycle? 

¥ How has this interaction given rise to the observed self-organized patterns of 
ecosystems and how do these ecosystems sustain the hydrologic regime needed for 
their own sustenance? 
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 Theme 3: Water Cycle Dynamics in a Changing Environment 
ÒAcceleratingÓ water cycle dynamics: Multi -scale feedbacks with 

biogeochemical cycles in watershed systems 
Murugesu Sivapalan Ð Group Leader 

 
Progress Report from Activity Group  Meeting, February 20-22, 2008, Northwestern 
University 
 
1. Overview 
 
1.1 Why is synthesis needed? 
• Scientific complexity of watersheds requires integrated understanding of whole-

system behavior 
– Considerable work has been done from different perspectives, but inter-connections 

haven’t been realized 
– Material fluxes of different substances have been studied by different communities, 

but in reality all material fluxes in watersheds are interconnected over some range of 
time-scales 

• Effective management of large-scale systems and global water resources demands 
better understanding of these interconnections as well as improved tools for assessing 
large-scale and long-term system dynamics 

– Current management decisions are made locally and at the level of individual projects 
and individual constituents (e.g., TMDL’s).  

• This effort can spur transformative advances in understanding of basic environmental  
processes and in interdisciplinary approaches to environmental sciences and 
engineering 

 
1.2 What are the broad aims? What is the contribution of the effort? 
Provide novel synthetic framework that will: 

-- Transform our ability to predict how the interactions of water, sediment, and 
biogeochemistry over multiple scales control the temporal development of watershed 
systems 
-- Allow us to examine the effects of human activity on watershed systems, and to 
separate the effects of local human perturbations from global environmental changes 
-- Articulate an improved approach to watershed management in a holistic context 

 
2. Theme for project activity  

 ÒAcceleratingÓ water cycle dynamics:  Multi -scale feedbacks with 
biogeochemical cycles in watershed systems 

• Acceleration refers to changes in rates of different natural cycles. This is also 
sometimes referred to as “intensification” of natural cycles. 

• Consensus from all perspectives that understanding of the water cycle is critical to 
evaluating effects of large-scale human modification on various environmental 
processes and systems (on sediment dynamics, geomorophology, biogeochemical 
cycles, ecosystem dynamics, etc.) 
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• Hypothesis: The effects of global change on the water cycle and biogeochemical 
cycles in watersheds depend on the extent of prior human modification of the system 
(along with many other factors…) 

Two major sub-themes 
a) Effects of human modification of land surface, drainage network, and the timing 

and distribution of water 
b) Effects of global change, with possible long-term feedbacks 

 
Broad challenges 
 
• How do structural variability (spatial heterogeneity) and dynamic variability interact 

(thru non-linearity, feedback and thresholds) to produce aggregated watershed scale 
responses? 

• How will watershed responses change if the water cycle “accelerates” due to human 
disturbance and/or climate change?  Will it induce new thresholds and/or feedbacks 
and spatial patterns?  Will these be different for water, sediment, biogeochemistry, 
ecology, etc? 

• Lack of ability to predict long-term, large-scale effects in watersheds.  We need an 
approach to integrate local effects through river networks including linkage of water 
flow, surface topography, subsurface structure, sediment dynamics, ecological 
distributions and chemical distributions and transformation rates 

 
3. What will we do? What approaches will we adopt? 
3.1 Develop basic framework for analysis of watersheds 
Develop a “concept” or “framework” for the functioning of river systems (analogous to 
river continuum concept). Key features are temporal dynamics (perturbation and response 
timescales) with interactions over many spatial scales 
• Develop broad understanding of the factors that control the linkage between 

hydrologic forcing, fluvial system structure (surface & subsurface), and 
biogeochemical cycles as basis for understanding the effects of human modifications 

• Systematic approach to identify “dominant controls” on watershed dynamics and 
watershed response to perturbation 

• Synthesize existing knowledge base, key knowledge gaps, and most pressing 
scientific needs related to watersheds 

 
3.2 Test this framework by evaluating specific hypothesis within the context of some 
specific examples  
• Applying knowledge in detail to a particular system(s) using either existing data set(s) 

or a simulated virtual watershed. Use consistent theoretical and quantitative analysis 
frameworks! 

• Focus on commonality and key drivers - 0th order and 1st order effects.  Need to 
carefully specify defining conditions for test site(s) in order to emphasize generality 
of work 

• Hypothesis regarding relative importance of local/regional vs. global changes can be 
tested by comparing observations from different sites. Differentiate landscape level 
vs. climate level. 
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3.3. Conceptual and quantitative modeling approaches 
Develop quantitative model framework to estimate effects of human modification of 
large watersheds on continental-scale biogeochemical cycles. How have human 
perturbations altered the biodiversity /function in watersheds? 

• Build and test models of different complexity  synthetic, virtual watersheds for 
heuristic evaluation of important process controls 

• Develop toy models for dynamical systems that are analogous to complex 
interactions in watersheds  focus on non-linear filtering and timescales of 
perturbation and response.   

– What is the minimally sufficient (parsimonious) description of the linkage 
between water cycle, geomorphology, and key biogeochemical cycles 
(C,N,P). 

• Use spatially distributed models to evaluate temporal dynamics  generate 
hypotheses on key spatial and temporal scales and interactions that need to be 
described in additional detail 

• Use continuum approaches to define sub-regions of interest and to investigate the 
importance of spatial patterns in controlling the balance between internal cycling 
and material export 

 
4. What are outcomes/products?  
• Target audiences for project activity are: 

– The scientific community 
– The science education community 
– Policymakers and water system managers 

 
4.1 Short-term Goals 

- Science/nature paper articulating major project theme (accelerating hydrologic 
and biogeochemical cycles) 

- Quantitative/theoretical model framework 
• Write a paper articulating the “concept” or “framework” for functioning of river 

systems (analogous to river continuum concept)  
– Science/Nature or more specific technical journal? 

• Develop initial scaling analysis framework for timescales of perturbation and 
response of all important processes identified in conceptual model 

• Compare alternate model approaches to assessing 0th and 1st order behavior at 
some particular location(s) and range of scale(s) 

• Use initial modeling tools described above to attempt to parametrically evaluate 
the relative effects of local human activity and global-scale environmental 
changes 

• Evaluate a range of test cases (available data sets for specific watersheds) 
representing a range of prior human modification (e.g., land use change)  
climatically vulnerable systems (e.g., Alaska), intensively modified systems, arid 
vs. humid systems, etc. 
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4.2. Long-term goals and synergistic contributions 
- Use outcomes of short-term activities to guide development of observational 

systems (in watersheds, or more broad environmental observation efforts?). 
Recommendations of data needs and observatory design  

- Articulate implications for management and policy relating to watersheds (e.g., 
developing tools and/or recommendations via broader high-profile publications) 

- Recommendations/tools for education  curricular/programmatic change and/or 
course modules 

- Development of new methodological approaches and theories for dealing with 
watershed functioning and temporal change (e.g., event-based approaches, inter-
disciplinary process coupling, space-time scaling, nonlinear dynamics - thresholds 
and emergent behavior, network morphology, ecological and chemical patterns, 
etc.) 

 
5. How will we achieve these products (logistics)? What will we do? 

• Working teams 
– Meeting summary team 

• Aaron, Siva, … 
– Conceptual/paper-writing team (like RCC)  whole group!  
– Scaling model team (like rice-pile model) 

• Siva, Paul, Doug, Aaron, Anders, Bruce, Jen, Emma, Tom 
– Numerical modeling team 

• Thanos, Praveen, Siva, Bruce, Marwan, Amilcare, Mohamed 
– Catchment comparative study (exploratory effort) 

• Marwan, Thanos, Anders, Siva, Jen, Emma, Amilcare, Alex, Mark, 
Mohamed 

• Future meetings 
– Fall 2008  Location to be determined  

• Proposals 
– EPA proposal(s) 
– Design of observatory 
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Theme 4: Evolution, structure and function of hydrologic subsystems in hillslopes 
Progress Report by Peter A. Troch (Group Leader), Jon Chorover, Dave Breshears and 

Xubin Zeng, Scott Saleska and Travis Huxman 
 
What governs the structure and co-evolution of biota, soils, and landforms that comprise 
the Earth’s Critical Zone? This zone – so named to reflect its essential role in supporting 
life – extends from the outer periphery of the vegetation canopy to the lower boundary of 
ground water (NRC 2001). For decades, Earth surface scientists, including ecologists, 
hydrologists, soil scientists, and geomorphologists, have recognized that energy and 
water flows – driven by temperature, chemical and gravitational gradients – exert strong 
control over system evolution (Horton 1945; Jenny 1941; Penman 1961; Tansley 1935). 
In the intervening years, key technological advances have improved our ability to 
elucidate and quantify the relations between external forcing and system response, 
particularly within our respective disciplines. For example, soil scientists are using stable 
and radiogenic isotopes to measure rates of soil production from bedrock; hydrologists 
are using isotopic tracers to study landscape controls on catchment water residence times; 
and geo-morphologists now use numerical modeling to predict how erosion rates are 
controlled by climate. 
 
These technological advances have occurred largely within disciplinary domains. 
However, some of the most important challenges facing earth scientists today reside at 
the interfaces between our disciplines (Figure 1), a fact that necessitates the development 
of mechanistic couplings among them. Only through a well-constructed inter-disciplinary 
portal will we be able to enter new frontiers to better comprehend such processes as the 
co-evolution of ecosystems and landscapes, the integrated mechanisms of land-
atmosphere-hydrosphere exchange, and the role of vegetation in catchment hydrologic 
response. 
 
Many instruments exist for such interdisciplinary research, and others are in formative 
stages. One example of the latter is the recent NSF funding of three watershed-scale 
“Critical Zone Observatories”. This investment is consistent with the science 
community’s call for “natural laboratories” with a spatial scale sufficient for measuring 
the biotic-abiotic couplings and their distribution within watersheds (Brantley et al. 
2006). This inclusion of large scale land-surface complexity is, of course, at the expense 
of investigator control over forcings (e.g., climate) that characterizes true laboratory 
experiments. Indeed, a substantial empirical gap exists between field- and laboratory-
scale studies, and it can be characterized as the tradeoff between system complexity and 
control. 
 
The University of Arizona (UA) took over the Biosphere 2 located near Tucson, Arizona 
in July 2007. UA immediately set up three inter-related programs: the B2 Earthscience 
that leverages UA’s existing strengths and focuses on the problem of understanding the 
fate of water in our world; the B2 Institute as an interdisciplinary ‘think tank’; and the 
Biosphere 2 public program to translate the activities of B2 Earthscience and B2 Institute 
to society and advance informal science education (http://www.b2science.org). The 
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overall mission of these programs is to serve as a center for research, teaching, and life-
long learning about Earth, its living and physical systems, and its place in the universe.  
With a $30 million/10 year gift from the Philecology Foundation and funds derived from 
public tours and development, the B2 Earthscience research program includes 
experimentation within the unique Biosphere 2 facility, observational science at outside 
sites and earth surface system model development. Biosphere 2 allows us to move up in 
scale and still have control in experiments. For instance, mass conservation in Biosphere 
2 allows us to address deficiencies of tracer mass balance method in hydrological studies 
in which only a small fraction of introduced tracers can be recovered. The emphasis on 
the integration of Biosphere 2 and outside measurements ensure the smooth and 
continuous transfer of knowledge gained from Biosphere 2 observations to the natural 
world outside. The parallel modeling activities and their integration with measurements 
will significantly accelerate this transfer.  
 
In particular, we will construct three hillslopes for our institutional experiment and 
develop the corresponding system model that fully couples hillslope hydrology, 
geochemistry, geomorphology, and biological processes, as discussed below. 
Furthermore, any new sensor or instrument in science, before it is used to do science, is 
typically subject to a rigorous series of tests to thoroughly characterize its behavior and 
calibrate its measurements. The Biosphere 2 is an instrument on a grand scale but has 
never gone through this crucial step: it had to be up and running with a full-fledged 
biosphere mode (with soils, microbial communities, and full vegetation assemblages) 
right from the start. The landscape within the Biosphere 2 was not thoroughly 
instrumented in the past with sensors to fully describe the detailed 3-dimensional climate 
state of each of the biomes. As part of the institutional experiment, we will also install 
high-density sensor arrays to capture the 3-dimensional state at high temporal resolution 
and do a staged calibration and characterization for each biome.  
 
The planning process at Bisophere 2 is designed to cultivate the development of and draw 
from a transdisciplinary Earth sciences group that diverse fields including hydrology, 
geomorphology, atmospheric science, ecology, and genomics. Several planning 
workshops have already occurred with others planned for the near future.  Some of these 
workshops were jointly supported by the Hydrological Synthesis Center at the University 
of Illinois at Urbana-Champaign. Modeling assessments, detailed below, are providing 
key information about spatial variability, temporal dynamics, and interactions within 
systems (including abiotic-biotic couplings) that are informing the design process. A set 
of publications associated with initial analysis that have informed the design process are 
being developed. The goal is to encourage large participation across diverse fields.  
Interested parties are contact Biosphere 2 about related upcoming workshops, as well as 
to provide input on the initial design plan presented below. 
 
Three 33mx18m bays at the experimental biome are available for the B2 Earthscience 
institutional hillslope experiment. The long-term goal of the hillslope experiment is to 
improve our understanding and modeling capabilities of the coupled ecological, 
hydrological, geochemical and geomorphological processes that lead to surface and 
subsurface structure of the critical zone. A series of workshops organized at the 
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Biosphere 2 Institute (August and November, 2007, and March 2008) brought together 
ecologists, biologists, hydrologists, soil scientists, geomorphologists, atmospheric 
scientists, and geochemists to discuss critical design parameters, such as hillslope 
geometry (slope angle, planar or complex shape), soil composition (mineral assemblage 
and texture), vegetation type (herbaceous, woody plants), and climate regime (see 
http://www.b2science.org/earth-hillslope.html for a list of participants and the workshop 
agendas). At the November 2007 workshop it was decided that numerical modeling could 
best inform the decision making process. Several groups (University of Arizona, Oregon 
State University, and University of Illinois at Urbana-Champaign) worked together to 
investigate hydrological partitioning and chemical weathering rates for different hillslope 
configurations and climate regimes. Simple hydrological models were used to estimate 
subsurface saturation degree and water residence time as a function of soil type and 
hillslope geometry. The results indicated that a Loamy Sand soil and a zero-order basin 
hillslope shape (see Figure 2) offer greatest spatial and temporal soil moisture variability 
in a semi-arid climate representative for Biosphere 2 geographic location. Using this 
configuration, a more detailed hydrological modeling study revealed the unsaturated and 
saturated zone storage dynamics and water velocity distributions. These results were used 
to condition the next step in our modeling study: a hydro-geochemical model was 
deployed to simulate chemical weathering rates and deposition of secondary minerals, 
starting with the primary geochemistry representative of basaltic parent material and 
under hydrological conditions derived from the detailed hydrologic model. The main 
conclusions from the hydro-geochemical simulations are that within three years 
significant changes in subsurface structure can be expected in terms of pore size and 
particle size distributions. We also noted strong non-linear effects in chemical weathering 
rates related to average water velocity. There appears to be a trade-off between 
dissolution and precipitation: slower velocity decreases dissolution due to decreased 
concentration gradients but increases time available for kinetic-dependent precipitation. 
Therefore, reactions do not scale linearly with flow velocity, but rather exhibit a 
threshold response. Finally, a soil erosion model was used to estimate the effects of 
surface runoff on soil loss and rill formation. These landscape evolution simulations 
indicated that significant soil loss could occur when rainfall rates would be applied to 
steep hillslopes (>15 º) that exceed local infiltration capacities, leading to infiltration 
excess surface runoff generation and rill formation. These results were presented at the 
March workshop and the following straw-man hillslope design emerged from the 
discussions. Each bay would have an identical zero-order basin shaped hillslope, 30m 
long and 15m wide with a 1.5 m deep soil. The soil would be artificially constructed 
starting from basaltic rock crunched into a porous medium with Loamy Sand hydraulic 
properties, but with sufficient small (clay) particle fraction to enhance chemical 
weathering. The average bedrock slope would be of the order of 10-15º.  This range of 
slopes represents a compromise between inducing lateral subsurface flow and minimizing 
erosion. 
 
Given this straw-man design, the March workshop further focused on the ecological and 
climatic aspects of the hillslope experiment. The main challenge is to reach an acceptable 
compromise between replication and treatment. Having three identical hillslopes offers 
great possibilities to improve statistical significance of experimental findings through 
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replication. On the other hand, the B2 Earthscience experiment can improve our 
understanding of how life controls hydrological partitioning and subsurface structure by 
allowing for separate treatments in each bay (e.g. non-vascular, herbaceous, woody 
plants).  
 
Numerical modeling will play an important role in the B2 Earthscience hillslope 
experiment. Modeling is needed to refine the experimental and instrumental design and to 
generate cross-disciplinary hypotheses that can be tested in the experiment. Modeling can 
also be used to infer aspects of the system that are difficult to measure by using input-
output measurements of mass and energy at the hillslope scale together with forward 
modeling of the system. More broadly, modeling must be integrated into the 
implementation so that we can, under ideally controlled conditions, improve the accuracy 
of our models to forecast landscape change in the real world. Ideally, modeling will be 
used in the B2 experiment as part of a “learning cycle” approach in which models are 
used to predict system response before the experiment is run, and then the subsequent 
experiments on a specific topic will be used to improve the model accuracy.  
 
Developing a process-based coupled system numerical model that fully couples hillslope 
hydrology, geochemistry, geomorphology, and biological processes is a formidable task. 
Our approach will be to use existing models to the greatest extent possible and focus on 
model coupling. We will leverage off of existing coupled-model frameworks (e.g. 
Common Component Architecture http://www.cca-forum.org/), Flexible Modeling 
System http://www.gfdl.noaa.gov/fms/) that have been successfully been used in the 
climate modeling community and are now being adopted by the geomorphic community 
(e.g. CSDMS http://csdms.colorado.edu). These frameworks provide the “glue” code that 
enable submodel components to share data during each time step of the system model and 
to perform up/down scaling between submodels with different spatial and temporal 
resolutions. Developing a model of this type will require help from the community, 
especially from those who have developed component models they would like to see 
integrated with other components as part of a coupled system model of the hillslope-
channel landscape system. Modeling workshops to further the development of this model 
are planned for Fall, 2008. 
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Figure 1: Interactions and feedbacks between different hillslope processes lead to critical 
zone structure and organization. The hillslope experiments planned at Biosphere 2 will 
help improving our understanding of the co-evolution of ecosystems and landscapes, the 
integrated mechanisms of land-atmosphere-hydrosphere exchange, and the role of 
vegetation in catchment hydrologic response. 
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Figure 2: Hillslopes with zero-order basin shapes produce high spatial variability in soil 
moisture  
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Theme 5: Stochastic Transport and Scaling in Earth-surface Processes 
National Center for Earth-surface Dynamics (NCED) and the University of Illinois at 
Urbana-Champaign (Synthesis Project)  
 
Progress Report by Rina Schumer 

 
Scale invariance has been extensively explored in Earth-surface process morphology 
(e.g., surface topography, river network structure, braided river channel organization, 
etc.). However, it has not been explored as much in Earth-surface processes (e.g., 
landscape and hillslope evolution models, braided river models, sediment transport laws, 
etc.). Relating the scaling observed in morphology to the stochastic differential equations 
underlying the processes responsible for the emergent morphology remains largely 
unexplored. 
 
Many of the classic differential equations used to describe physical processes arise as the 
scaling limits of stochastic models. These models use probability theory to predict the 
outcome of processes that contain “random” elements. For example, it is common to 
represent transport phenomena with a random walk model or the exceedance of extreme 
thresholds with a Poisson process. The governing distributions obtained in the long time 
limit are solutions to stochastic PDEs that accurately describe the physical process over 
various time and space scales. However, the equations that arise from classical stochastic 
theory are often scale-dependent. 
 
If the random components of a process are characterized by frequent extreme events and 
best fit by a power-law distribution, then classical stochastic theory does not apply. The 
inclusion of heavy-tailed distributions in a stochastic process requires a generalization of 
the limit theorems used to obtain long time governing distributions. Similarly, equations 
governing scaling limits of heavy-tailed stochastic processes are a generalization of 
classical PDEs – they include fractional derivatives. These non-integer order (e.g., 

) derivatives acting on equation parameters, are useful tools for treating 
seemingly scale-dependent physical processes. For example, fractional advection-
dispersion equations have been used to model super- and sub-diffusive contaminant 
transport in both aquifers and rivers. In these applications, the “scale dependence of 
dispersivity” was eliminated because fractional derivates can scale the dispersion 
coefficient appropriately. 
 
Power-law relationships are frequently observed in Earth surface processes. For example, 
power-law sediment residence times are caused by eddies or braided channels, super-
diffusive transport on hillslopes arises as a result of channeling, and scaling in sediment 
transport rates arises as a result of the self-organization of river bed morphology.  This 
suggests that heavy-tailed stochastic models and fractional PDEs may be powerful tools 
for describing processes that take place on the Earth’s surface from the hillslope to the 
whole river network scale.  
 
We have created a working group to explore ideas, in research and applications, in the 
area of stochastic transport and emergent scaling in earth-surface processes. By 



 24 

convening experts in Earth-surface processes and mathematicians and scientists who have 
successfully applied heavy-tailed stochastic processes and fractional differential 
equations in other disciplines, we have begun to identify:  
 

1. Earth-surface processes to which existing heavy-tailed stochastic processes can be 
immediately applied and modeled with fractional calculus tools. 

 
2. Outstanding theory required for the development of novel scale-invariant models 

for Earth surface processes 
 
We intend to explore these ideas through a series of workshops. During the first meeting 
in Lake Tahoe, a short course covered heavy-tailed stochastic theory, introductory 
fractional calculus, the connection between continuous time random walks and fractional 
advection-dispersion equations. See www.scaling.dri.edu for details. 
 
Year 1 results: 
As a result of the short course and Earth surface processes talks given by participants, we 
discussed potential applications of heavy-tailed stochastic models to Earth surface 
process modeling including: 
 

a) Application of fractional advection-dispersion equation to represent sub-diffusive 
and super-diffusive sediment transport 

 
b) Development of a fractional Exner equation 

 
c) Continuous time random walk representation of bedload transport 

 
d) Coupled continuous time random walks for modeling deposition 

 
e) Linking scales of geomorphology and solute transport 

 
f) Random walks and floodplain development 

 
Our first workshop resulted in a number of fruitful new collaborations: in the six months 
since the meeting two NSF proposals have been submitted by team members, one 
manuscript was submitted to JGR, an EOS feature article proposal on the Theme 5 topic 
was accepted, and a Special issue of Journal of Geophysical Research (Earth Surface) 
"Stochastic Transport and Emergent Scaling" was accepted and is expected to appear in 
early 2009 with 13 manuscripts (see below).  An AGU session of the same name will be 
held at the 2008 Fall meeting in San Francisco.  Finally, a second working group meeting 
will be held in Minneapolis in October, 2008.  We intend to focus on further development 
of topics introduced in the JGR special issue and develop goals for year 2 of our working 
group. 
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 PROPOSAL FOR A SPECIAL ISSUE IN JGR- EARTH SURFACE 
 

Coordinated by: 
  

Efi Foufoula-Georgiou 
Dept. of Civil Engineering, St Anthony Falls Laboratory and National Center for 

Earth-surface Dynamics 
efi@umn.edu 

 
 

STOCHASTIC TRANSPORT AND EMERGENT SCALING  
ON THE EARTHÕS SURFACE 

 
We propose a special issue entitled “Stochastic Transport and Emergent Scaling on the 
Earth’s surface” to appear in J. of Geophysical Research- Earth Surface Processes.  This 
issue is intended to be a collection of papers that will present new ideas and theories for 
the transport of environmental fluxes (water, sediment, pollutants, biota) on the earth’s 
surface, including transport on hillslopes, rivers and river networks.  Acknowledging the 
fact that the “substrate” over which this transport takes place is highly heterogeneous 
(from the highly varying velocities carrying sediment and other fluxes down a stream, to 
the highly heterogeneous hillslope morphology producing the sediment, to the 
hierarchical structure of river networks), emphasis is placed on properly accounting for 
this heterogeneity in the transport laws.  Also, given the documented scaling in several 
attributes of the landscape (including, slope-area relationships, channel and floodplain 
geometry, self-similar structure of river networks etc.), transport theories that reproduce 
this observed structure at the limit are of interest.   
 
Invited papers are solicited that will advance the state-of-knowledge in environmental 
transport on the earth’s surface, push the envelope in new approaches of modeling, 
challenge existing theories and open up new directions for theoretical, experimental and 
field research.  Contributions include:  non-local (fractional pde) transport theories to 
accommodate heavy-tailed distributions of velocities and/or storing times, generalized 
random walk constructs for transport in channels, new theories for floodplain formation,  
new theories for transport on fractal trees,  scale-dependence and scale-invariance in 
parameterization of transport laws, emergent scaling in landscape evolution models, new 
theories for nonlinear transport based on renormalization and symmetry principles, and 
new mathematical tools to deal with complexity, including sub-grid scale closures and 
mess-free numerical models for transport and landscape evolution.   
 
Tentative list of invited papers: 
 

1. Fractional transport laws in heterogeneous media: a review of theory (Schumer, 
Meerschaert, Benson, …) -- CONFIRMED 

2. Non-local constitute laws: a review of theory (Cushman, …) -- CONFIRMED 
3. New theories for transport on fractal river networks (Rinaldo, Rodriguez-Iturbe, 

…) -- TBC 
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4. Boolean differential equations for environmental transport on trees? (Zaliapin, 
McGhil, Foufoula, Power, Dietrich…) -- CONFIRMED 

5. Multifractal flux loading on rivers and geomorphic implications (Foufoula, 
Dietrich, …) -- CONFIRMED 

6. Generalized nonlinear models for hillslope transport and emergent scaling 
(Roering, Foufoula, Dietrich…) -- CONFIRMED 

7. A fractional Exner equation for bedload transport (Parker, Stark, ….) 
8. Stochastic transport in deltaic systems (Paola, Mohrig, …) -CONFIRMED 
9. The concept of dominant discharge revisited? (Schmeeckle, Schumer, …) -- 

CONFIRMED 
10. Random walks and floodplains (Tucker, …) -- TBC 
11. Transport on trees and emergent scaling (Kumar, …) -- CONFIRMED 
12.  Generalized CTRWs for gravel bedload transport (Ancey, …) -- CONFIRMED 
13.  Communition theories for bedload transport? (Voller, Sklar, …) -- CONFIRMED 
14.  Particle-scale interactions in bedload transport: from experiments to theory (Hill, 

…) -- CONFIRMED 
15. Closures for physically-based transport models (Sivapalan, …) – CONFIRMED 

 
The tentative schedule is as follows: 
 
January 31: confirmation of acceptance as a special issue in JGR-ES  
September 1:  deadline for paper submission  
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UIUC-UNH Joint Project: "Exploring the Human Role in Watershed System 
Behavior through Data Synthesis" 

OVERVIEW: 

This activity aims to extract fundamental signals from humans in the hydrological, 
sedimentological, and biogeochemical record. Such information adds to our ability to 
predict watershed system behavior and allows us to understand the how to quantify 
human influence on system behavior over the 500-yr period being addressed at UNH. 
Also, we may be able to see how sensitive the Northeast systems are relative to other 
parts of the country and the world. 

The main mode of synthesis will be to synthesize large amounts of existing stream and 
watershed data, through collaboration with the HIS team, using novel methods that are 
being used by this group, or that the group has experience with. 

GOALS: 

1. Uncover fundamental human signals in stream flow and associated sediments and 
biogeochemicals from existing monitored data. 

2. Place Northeast hydro-systems in a national/international context. 
3. Integrate the human signals into hydrobiogeochemical predictive frameworks. 

RATIONALE: 

Detailed understanding of human signals in hydrological and biogeochemical cycles 
challenges our ability to manage water resources efficiently. If we can predict hydro-
system behavior under different degrees and types of human activity, we can inform 
decision making and water management. Specific questions about the historical role of 
humans in Northeastern U.S. hydro-systems are currently being addressed as a test-bed 
for understanding human roles and the implication for future scenarios. The stated goals 
are well suited for joint UIUC-UNH collaboration, serving the greater goal of each 
project. 

CONSTRAINTS: 

1. The primary focus will be on integrated stream signals (Q, sediment, and 
biogeochemicals). Other watershed processes will be explored to explain the integrated 
signals. 

2. Analysis of existing data will be the primary mode of synthesis. 

METHODS: 

1. Initial meeting to identify data sets and analytical tools 



 28 

a. Tools: Spurious correlation (M. Green), Indicators (Weiskel et al, 2007), 
Watershed services (Siva & T. Wagener), Others? 

b. Data sets: HIS, others not in HIS 
2. Iterative meetings (3 iterations beyond the first) to re-energize the team, get group 

feedback on results, re-tool analyses, group writing, and find common signals 
across many analysis methods 

PEOPLE: 

M. Green will send a broadcast message to both the UIUC and UNH teams to find 
interested team members. Depending on the expertise of the team that forms, others will 
be recruited to fill knowledge gaps. 

The following people have already expressed interest in participating: M. Sivapalan, A. 
Mayer, M. Hassan, W. Wollheim, M. Green 

A liaison from the CUAHSI-HIS team will be brought into the meetings to ensure that 
the data synthesis effort utilizes the full capacity of the HIS tools. 

PRODUCTS: 

1. Detailed data synthesis studies that will be presented in manuscripts. 

2. A summary manuscript that will present a matrix of hydro-system signals arising from 
different human activities. 

BUDGET: 

Not counting overhead (not sure if any is necessary to account for), we ask CUAHSI to 
pay for travel to meetings (12 people twice a year for one year) - $24,000 

Each project will match with $12,000 each to fund the second year of meetings. (The 
project should be initially cast as a two-year effort) 

 

 


